UNCLASSIFIED 


i 


REPORT  DOCUMENTATION  PAGE 

I  lb.  RESTRICTIVE  MARKINGS 


'  •  ■  •  ’  >•  5"  /f*.J  •••' 

>  -  ■■■>  i  v,’  j  f 


AD-A233  209  - 


4.  PERFORMING  ORGANIZATION  REPORT  NUMBER(S) 

NMR1  91-7 


3  .  DISTRIBUTION  /  AVAILABILITY  OF  REPORT 

Approved  for  public  release; 
distribution  is  unlimited 


5.  MONITORING  ORGANIZATION  REPORT  NUMBER(S) 


6a.  NAME  OF  PERFORMING  ORGANIZATION  6b.  OFFICE  SYMBOL  7a.  NAME  OF  MONITORING  ORGANIZATION 
Naval  Medical  Research  (if  applicable)  .^NaVaf  Medical  Command 

Institute 


6c  ADORESS  (ary.  State,  and  ZIP  Code) 

8901  Wisconsin  Avenue  / 

Bethesda,  MD  20889-5055  / 


7b.  ADDRESS  (Gty,  State,  and  ZIP  Code) 

Department  of  the  Navy 
Washington,  DC  20372-5120 


8b.  OFFICE  SYMBOL  I  9.  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 
(If  applicable)  I 


8a.  NAME  OF  FUNOING/  SPONSORING 
organization  Naval  Medical 
Research  &  Development  Comma n 


8c  ADORESS  (City,  State,  and  ZIP  Code) 

8901  Wisconsin  Avenue 
Bethesda,  MD  20889-5 OkU 


11.  TITLE  (Indude  Security  Classification) 

Propranolol  fails  to  lower  the  increased  blood  pressure  caused  by  cold  air  exposure 


1  10.  SOURCE  OF  FUNDING  NUMBERS 

PROGRAM 

PROJECT 

TASK 

WORK  UNIT 

ELEMENT  NO. 

NO. 

NO. 

ACCESSION  NO.  J 

62233N 

MM33C30.04 

1002 

DN247509  \ 

13b.  TIME  COVERED 

14.  DATE  OF  REPORT  (fear.  Month,  Day) 

ij 

FROM  TO 

1991  . 

1 

12.  PERSONAL  AUTHOR(S) 

Reed  HL,  Kowalski  KR,  D’Alesandro  MM,  Robertson  R,  Lewis  SB 


13a.  TYPE  OF  REPORT 

journal  article _ 

16.  SUPPLEMENTARY  NOTATION 

Reprinted  from  :  Aviation,  Space,  and  Environmental  Medicine  1991  Vol.62  pp.  111-115 


17.  COSATI  COOES  18.  SUBJECT  TERMS  ( Continue  on  reverse  if  necessary  and  identify  by  block  number) 

GROUP  I  SUB-GROUP  Mean  arterialpressure,  norepinephrine,  cold  exposure,  propranolol 


19.  ABSTRACT  ( Continue  on  reverse  if  necessary,  and  identify  by  block  number) 


d*  CLEdriv 

%,  MAR  2  5  193! 


20.  DISTRIBUTION /AVAILABILITY  OF  ABSTRACT  21.  ABSTRACT  SECURITY  CLASSIFICATION 

O UNCLASSIFIEO/UNUMITED  □  SAME  AS  RPT  Q  OTIC  USERS  Unc  1  a  S  S  i  f  i  ed 


22a.  NAME  OF  RESPONSIBLE  INQIVIOUAL  22b.  TELEPHONE  (Include  Area  Code)  22c.  OFFICE  SYMBOL 

Phyllis  Blum,'.  Librarian.  (30.1 ).  295-2188  MRL/NMRI 


OO  FORM  1473,  84 MAR  83  APR  edition  may  be  used  until  exhausted.  SECURITY  CLASSIFICATION  OF  THIS  PAGE 

All  other  editions  are  obsolete.  UNCLASSIFIED 


Reprint  &  Copyright  ©  by 

Aerospace  Medical  Association,  Washington,  DC 


Propranolol  Fails  to  Lower  the  Increased 
Blood  Pressure  Caused  by  Cold 
Air  Exposure 


H.  L.  Reed,  M.D.,  K.  R.  Kowalski,  M.S., 

M.  M.  D’Alesandro,  Ph.D.,  R.  Robertson,  and 
S.  B.  Lewis,  M.D. 


Reed  HL,  Kowalski  KR,  D’Alesandro  MM,  Robertson  R, 
Lewis  SB.  Propranolol  fails  to  lower  the  increased  blood  pressure 
caused  by  cold  air  exposure.  Aviat.  Space  Environ.  Med.  1991; 
62:111-5. 

Cold  air  axposure  stimulates  a  rise  in  mean  arterial  blood 
pressure  (MAP)  and  plasma  norepinephrine  (NE).  The  specific 
contribution  of  the  beta-adrenergic  receptor  to  this  pressor  re¬ 
sponse  is  unknown.  Therefore,  we  pretreated  12  normal  man 
with  placebo  or  a  bradycardia-inducing  amount  of  propranolol 
prior  to  exposing  them  to  either  2S*C  or  4*C  air.  At  2S*C,  pro¬ 
pranolol  pretreatment  lowered  heart  rate  (HR)  and  MAP.  When 
wo  compared  changes  In  MAP  after  their  respective  30-min  ex¬ 
posure  at  23*C  and  4*C,  the  cold  elevated  MAP  by  1S.4  ±1.5  mm 
Hg  In  subjects  pretreated  with  propranolol  compared  with  13.0 
±  2.3  mm  Hg  in  subjects  pretreated  with  placebo.  Fingertip  skin 
temperature  (THoe)  measured  at  4*C,  9.5  ±  0.8*C  in  propranolol- 
pre treated  subjects  was  lower  than  the  1 1.1  ±  0.7*C  with  that  of 
placebo.  Plasma  NE  increased  equally  during  cold  exposure  with 
both  placebo  and  propranolol  pretreatment.  We  conclude  that 
the  beta  receptor  plays  a  minor  role  in  generating  the  pressor 
response  to  cold  air.  Therefore,  the  effectiveness  of  acute  admin¬ 
istrations  of  propranolol  for  maintaining  normotension  in  sub¬ 
jects  exposed  to  cold  environments  may  be  attenuated. 


PROPRANOLOL,  a  nonselective  beta-adrenergic 
blocking  agent,  fails  to  lower  blood  pressure  when 
individuals  suffer  from  pheochromocytoma  (6),  over¬ 
dose  on  cocaine  (15),  or  perform  isometric  exercise  (13). 
We  hypothesize  that  increases  in  circulating  norepi¬ 
nephrine  (NE)  and  unopposed  alpha-adrenergic  recep¬ 
tor  stimulation  are  the  common  link  for  this  failure.  If 
the  elevation  of  plasma  NE  with  exjjosure  to  cold  re¬ 
flects  higher  concentrations  at  tissue  receptors  contrib¬ 
uting  to  the  cold  pressor  response,  then  this  NE  excess 
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may  override  propranolol’s  usual  ability  to  lower  blood 
pressure  through  beta  adrenergic  blockade.  Pro¬ 
pranolol,  widely  used  to  prevent  recurrent  migraine 
headaches  and  myocardial  infarction  (6),  is  commonly 
prescribed  as  an  anti-hypertensive  agent  (22).  En¬ 
vironmental  cold  exposure  may  contribute  to  seasonal 
elevations  in  myocardial  infarction  (21),  cerebral  vascu¬ 
lar  accident  (11),  and  hypertension  (19).  The  pressor 
response  to  a  brief  cold  water  immersion  of  the  hand  (4) 
or  foot  (8)  is  inconsistently  attenuated  with  propranolol. 
The  effectiveness  of  acute  beta  blockade  in  blunting  the 
pressor  response  to  cold  air  in  motionless,  normoten- 
sive  men  is  uncertain  (9). 

The  purpose  of  this  study  was  to  determine  the  con¬ 
tribution  of  the  beta  adrenergic  receptor  to  the  pressor 
response  from  cold  air  in  normal  subjects.  We  com¬ 
pared  acutely  administered  bradycardia  inducing  doses 
of  propranolol  with  placebo  to  make  this  assessment. 

METHODS 

Twelve  healthy  men  gave  informed  consent  to  the 
protocol  approved  by  our  Institutional  Review  Board. 
The  men  were  of  similar  age  (mean  ±  S.E.),  27.9  ±  1.9 
years,  weight,  72.4  ±  2.0  kg,  and  percent  body  fat,  13.8 
±  0.3%.  Each  subject  was  tested  in  a  climate  chamber 
with  alternating  exposures  at  25°C  (25.6  ±  0.2)  and  4°C 
(4.2  ±  0.2)  for  a  total  of  two  exposures  at  each  temper¬ 
ature.  There  was  a  minimum  of  72  h  between  exposures. 
Air  flow  in  the  chamber  was  2.5  m/s  at  20-40%  humidity 
(Airguide  Humidity  Detector  Model  605,  Chicago,  IL). 

Placebo  and  propranolol  were  dispensed  in  double 
blind  fashion  as  capsules  filled  with  either  white  wheat 
flour  for  placebo  or  with  a  propranolol  tablet  (Wyeth- 
Ayerst  Laboratories,  Philadelphia,  PA).  The  initial  pro¬ 
pranolol  dose  was  80  mg  sustained  release,  and  the  sec¬ 
ond  dose  was  80  mg  standard  release.  Both  placebo  and 
propranolol  were  self  administered,  with  the  first  dose 
taken  10  h  prior  to  entry  into  the  chamber.  After  can- 
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nutation  of  the  antecubital  vein,  each  subject  ingested 
the  second  dose  of  placebo  or  propranolol  with  500  ml 
of  water  while  seated  in  the  staging  room  (25°C)  for  30 
min  before  entering  the  chamber.  Subjects  were  ran¬ 
domly  divided  into  two  groups,  each  with  a  fixed  se¬ 
quence  of  alternating  temperature  and  either  placebo  or 
propranolol  administration.  Half  the  subjects  received 
placebo  first,  then  propranolol,  and  the  olLer  half  re¬ 
ceived  the  drug  treatment  in  the  reverse  order.  Temper¬ 
ature  exposure  was  alternated  for  each  administration 
of  placebo  or  propranolol  with  all  men  exposed  to  con¬ 
trol  (25°C)  temperature  first.  All  subjects  were  tested  in 
the  post  absorptive  state  and  underwent  all  tests  at  the 
same  time  of  day.  This  protocol  facilitated  chamber 
scheduling  and  drug  washout  periods.  Clothing  con¬ 
sisted  of  undershirt,  socks,  and  shorts. 

Physiological  Data 

Temperatures  were  recorded  with  thermocouples 
(Sensortek  BAT  12,  Clifton,  NJ)  from  a  site  in  the  rec¬ 
tum  more  than  10  cm  proximal  to  the  anal  sphincter  (T«) 
and  on  the  distal  pad  of  the  middle  finger  (Trim)  using 
thermistors  (Yellow  Springs  Instruments,  Yellow 
Springs,  OH).  Fingertip  capillary  blood  flow  (LDF)  was 
monitored  on  the  distal  pad  of  the  index  finger  by  a  laser 
Doppler  volumetric  recorder  (Medpacific  Corporation, 
Seattle,  WA).  Temperature  and  LDF  measurements 
were  recorded  (Techmar  Labmaster,  Solon,  OH)  and 
stored  in  a  Zenith  248  computer  (Glenview,  IL).  A  sin¬ 
gle  exponent  model  was  fitted  to  the  Ten*  data  for  each 
individual.  Estimates  for  To*  at  time  0  and  30  min  of 
exposure  were  individually  calculated  and  the  mean  of 
all  subjects  then  reported.  Blood  pressure  and  heart  rate 
(HR)  were  measured  from  the  uncannulated  arm  with  an 
automated  instrument  (Takeda  Medical  UA-751,  Bris¬ 
tol,  CT).  Mean  arterial  pressure  (MAP)  was  calculated 
as:  pulse  pressure/3  +  diastolic.  MAP,  HR,  and  LDF 
were  determined  30  min  before  entering  the  chamber 
(-30  min);  0,  1,5,  10,  15,  20,  25,  and  30  min  in  the 
chamber;  and  30  min  after  returning  to  the  staging  room. 

Blood  Analysis 

Venous  blood  samples  were  obtained  following  can- 
nulation  (-30  min),  prior  to  entry  into  the  chamber  (0 
min),  after  15  and  30  min  in  the  chamber,  and  30  min 
after  returning  to  the  staging  area  (  +  60  min).  Plasma 


catecholamines  from  heparinized  blood  (14.3  USP  units/ 
ml)  were  analyzed  by  high  pressure  liquid  chromatog¬ 
raphy  methods  previously  reported  (17).  Propranolol 
does  not  interfere  with  catecholamine  analysis  using 
this  technique  (12).  Heparinized  whole  blood  hemato¬ 
crit  was  measured  after  capillary  tube  centrifugation. 

Statistical  Analysis 

Study  subjects  were  randomized  by  complete  blocks 
into  repeated  split  plot  in  time  groups  for  temperature 
and  drug  factors.  When  no  significant  difference  was 
determined  among  groups  of  drug  and  temperature 
schedules  (p  >  0.05),  the  12  subjects  were  considered  as 
one  group.  Analysis  of  variance  (ANOVA)  in  split  plot 
design  with  two  repeated  measures  and  simple  two  way 
ANOVA  for  repeated  measures  were  used  as  indicated. 
Analyses  were  performed  using  STATPAK  4. 1  (North¬ 
west  Analytical  Inc.,  Portland,  OR)  and  SAS  (SAS  In¬ 
stitute,  Cary,  NC).  The  data  are  expressed  as  the  mean 
±  S.E.  of  the  mean. 

RESULTS 

Finger  and  Rectal  Temperatures  and  Blood  Flow 

Tn»f  with  propranolol  pretreatment  tended  to  be  lower 
than  placebo  before  either  the  4°C  (24.8  ±  1.5,  27.2  ± 
1.5°C)or25°C(25.7  ±  1.4,28.4  ±  1.4°C) exposure (Fo.m 
=  5.69,  p  <  0.04).  Cold  air  exposure  for  30  min  lowered 
Tfmf  significantly  for  both  treatments  (p  <  0.0001).  With 
cold  exposure,  T&*  was  lower  with  propranolol  pre- 
treatment  (9.5  ±  0.8°C)  compared  with  placebo  pre¬ 
treatment  (11.1  ±  0.7°C)  (p  <  0.008).  With  both  tem¬ 
perature  treatments,  T*  fell  slightly  over  time  without 
any  significant  effect  of  propranolol  administration. 
Compared  with  25°C,  LDF  in  cold  air  fell  after  1  min 
and  was  lower  for  this  exposure  (Fd^j)  =  13.65,  p  < 
0.002)  (Table  I).  No  significant  differences  in  LDF  be¬ 
tween  propranolol  and  placebo  pretreatments  at  either 
25°  or  4°C  was  detected. 

Blood  Pressure  and  Heart  Rate 

MAP  measured  upon  arrival  at  the  laboratory  ( -  30 
min)  was  lower  with  propranolol  pretreatment  com¬ 
pared  to  placebo  before  both  the  4°C  (85.9  ±  1 .5, 89.8  ± 
2.1  mm  Hg)  and  25°C  (83.2  ±  1.8,  88.4  ±  2.6  mm  Hg) 
treatments.  After  30  min  at  25°C,  propranolol  lowered 
MAP  to  75.7  ±  2.4  mm  Hg  compared  with  placebo,  81.9 


TABLE  I.  COMPARISON  OF  FINGERTIP  SKIN  BLOOD  FLOW  WITH  EXPOSURE  TO  25'C  or  4°C  AIR  AND  PRETREATMENT 

WITH  PLACEBO  OR  PROPRANOLOL. 


„  In  Chamber 

Time  - 


(min.) 

-30 

0 

1 

5 

10 

15 

20 

25 

30 

60 

Placebo  25*C 

228.3 

114.1 

145.0 

152.5 

160.0 

144.1 

194.1 

140.8 

115.8 

125.0 

54.1 

31.3 

55.6 

52.8 

53.5 

42.2 

67.5 

44.6 

34.5 

48.4 

Placebo  4*C 

278.3 

116.6 

44.1 

28.3 

27.5 

35.8 

40.8 

46.6 

54.1 

90.0 

75.2 

38.0 

9.5 

5.7 

6.4 

8.0 

6.9 

6.7 

7.9 

23.9 

Propranolol  25*C 

220.0 

107.2 

95.8 

100.0 

128.3 

156.6 

148.3 

150.8 

132.5 

85.0 

77.0 

42.6 

38.5 

40.8 

46.5 

53.4 

43.5 

48.3 

43.3 

32.8 

Propranolol  4*C 

137.5 

84.1 

31.6 

22.5 

20.0 

30.8 

39.1 

49.1 

53.3 

95.0 

40.7 

46.7 

7.0 

4.1 

2.7 

10.4 

4.1 

8.9 

15.3 

35.5 

The  first  line  is  the  ANOVA  mean  of  12  men  with  the  SE  of  the  mean  in  the  second  line;  Doppler  flow  is  measured  in  millivolts;  temperature 
treatment  p  <  0.002. 
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±  2.2  mm  Hg  (p  <  0.03).  In  contrast,  MAP  was  similar 
after  30  min  at  4°C  in  both  treatment  groups  (propran¬ 
olol,  94.2  ±  1.9;  placebo,  94.9  ±  1.8  mm  Hg).  When  we 
compared  the  difference  between  25  and  4°C,  the  MAP 
tended  to  increase  more  for  propranolol  treatment  than 
with  placebo  treatment  (F<i,ii>  =  4.07,  p  =  0.068)  (Fig. 

I).  However,  after  1  min  in  the  climate  chamber,  the 
increase  at  4°C  compared  to  25°C  became  significantly 
greater  with  propranolol  pretreatment  than  with  placebo 
(F(i.ii>  =  5.11,  p  <  0.05).  After  30  min  of  cold  exposure, 
the  percentage  increase  over  the  corresponding  value  at 
25°C  was  25.0  ±  2.5%  with  propranolol  and  16.6  ±  3.2% 
with  placebo  pretreatment.  This  marked  difference  was 
caused  primarily  by  lower  MAP  at  25°C  with  propra¬ 
nolol  pretreatment  compared  with  that  of  placebo  at 
25°C.  Blood  pressure  is  presented  in  Table  II  and  shows 
near  equal  elevations  in  systolic  and  diastolic  pressure 
with  cold  exposure.  Basal  HR  (-30  min)  was  lower  in 
subjects  pretreated  with  propranolol  when  compared 
with  subjects  pretreated  with  placebo  at  both  25°C  (59  ± 

2,  68  ±  5  min-1)  and  4°C  (59  ±  2,  66  ±  3  min-1)  (F<ui> 

=  7.75,  p  <  0.02).  The  HR  after  30  min  in  both  25°C  (p 
<  0.00001)  and  4°C  (p  <  0.00001)  environments  was 
slower  for  propranolol  (52  ±  2, 55  ±  3  min-1)  compared 
with  placebo  (63  ±  2,  64  ±  2  min-1).  There  was  no 
significant  effect  of  temperature  upon  HR. 

Plasma  Norepinephrine  and  Epinephrine 

Plasma  venous  NE  was  unchanged  after  30  min  at 
25°C  and  after  pretreatment  with  propranolol  or  pla¬ 
cebo.  Plasma  NE  increased  after  30  min  at  4°C  from 
2.23  ±  0.25  to  6.09  ±  0.60  (propranolol)  and  from  2.50 
±  0.28  to  5.96  ±  0.41  (placebo)  nmol/L  (Fig.  2).  Epi¬ 
nephrine  (EPI)  values  were  unchanged  during  25°C  ex¬ 
posure  (Fig.  3).  However,  pretreatment  with  propran¬ 
olol  prior  to  cold  exposure  significantly  elevated  EPI 
compared  with  placebo  pretreatment  (Fig.  3).  Whole 
blood  hematocrit  increased  after  30  min  of  cold  expo¬ 
sure  (Fa.ii)  =  26.18,  p  <  0.0004)  from  41.40  ±  0.81  to 
43.56  ±  0.87%  for  placebo  pretreatment  and  from  41.91 
±  0.59  to  44.08  ±  0.94%  for  propranolol  pretreatment. 
Propranolol  had  no  effect  upon  this  increase  (p  >  0.99). 


tlf.  1.  TtwdlHimm  In  m«on  art* Hoi  blood  prowwro  (MAP)  In 
mm  Hg  at  4*C  and  JJt  air  oftor  protraatmont  with  plocobo 
(— O— )  or  propranolol  (—♦—).  Tho  daohad  lino  Indlccrtoo  axpo- 
oara  parted  la  tbo  onvlronmontal  cbambor. 


We  and  others  report  that  when  human  subjects  are 
exposed  briefly  to  cold  air,  a  characteristic  series  of 
thermoregulatory  and  cardiovascular  events  are  noted 
(14,16).  These  events  include  a  fall  in  the  oxygenation  of 
brachial  venous  hemoglobin  (17),  an  increase  of  the  vis¬ 
cosity  of  blood  (10),  a  near  doubling  of  the  oxygen  up¬ 
take  (1),  an  increase  in  mean  arterial  pressure  (20),  and 
a  two-fold  increase  in  plasma  norepinephrine  (7,14,16). 
We  demonstrate  in  this  study  that  cold  air  challenge  has 
an  acute  pressor  action  that  overcomes  the  normal 
blood  pressure  lowering  influence  of  propranolol.  We 
suggest  that  the  pressor  response  of  cold  is  mediated 
primarily  by  a  mechanism  other  than  the  beta  adrener¬ 
gic  component  of  the  sympathetic  nervous  system. 

Cold  exposure  enhances  cutaneous  vasoconstriction, 
shunts  blood  to  the  central  circulation,  and  elevates  sys¬ 
tolic  and  diastolic  blood  pressure  without  an  equivalent 
increase  in  cardiac  output  (5,16).  In  our  study,  the  rapid 
fall  in  fingertip  skin  blood  flow  (Table  I)  with  cold  ex¬ 
posure  parallels  the  rise  in  MAP  (Fig.  1).  This  finding 
agrees  with  a  cold-induced  shift  in  blood  volume  from 
the  cutaneous  to  the  central  circulation  (16).  Heart  rates 
are  similar  for  each  treatment  group  independent  of 
temperature,  and  both  systolic  and  diastolic  pressure 
rise  equally  in  response  to  cold  (Table  II).  Therefore, 
MAP,  in  contrast  to  a  rate  x  pressure  calculation,  is  a 
convenient  and  accurate  way  to  compare  cold  re¬ 
sponses  with  those  found  at  room  temperature  (18). 
Comparisons  of  MAP  at  4°C  and  25°C  show  that  MAP 
increases  25%  for  propranolol  and  only  16%  for  pla¬ 
cebo.  This  25%  increase  in  MAP,  while  the  propranolol- 
treated  subjects  are  bradycardic,  suggests  that  the  beta 
receptor  contributes  only  minimally  to  generating  the 
cold  pressor  response  in  these  normal  men. 

Dosing  intervals  similar  to  those  used  in  our  study 
have  been  shown  to  provide  serum  levels  of  propranolol 
associated  with  nonselective  beta  blockade  (2,3,20). 
Slowing  of  the  resting  heart  rate,  as  in  pur  subjects, 
indicates  physiologic  myocardial  beta-1  blockade;  we 
thus  presume  beta-2  blockade  (22).  Because  this  acute 
dosing  study  involves  nonsteady-state  blood  levels  of 
the  drug,  all  physiologic  measurements  are  best  com¬ 
pared  with  their  paired  drug  and  temperature  counter¬ 
parts  to  minimize  the  interaction  of  time.  At  25°C,  pro¬ 
pranolol,  compared  with  placebo,  significantly  lowers 
blood  pressure  and  HR  within  60  min  after  acute  dosing 
and  suggests  that  serum  levels  are  adequate  to  achieve 
beta  blockade.  At  4°C,  propranolol  retains  its  effect  of 
bradycardia.  This  similar  chronotropic  effect  between 
temperatures  suggests  circulating  and  physiologic  levels 
of  propranolol  at  4°C  are  comparable  to  those  found  at 
25°C.  However,  at  4°C,  propranolol  no  longer  lowers 
blood  pressure,  implying  an  overriding  intervention  by 
cold  not  mediated  by  HR. 

Peripheral  venous  plasma  NE  consistently  increases 
with  cold  exposures  (7,14,17).  The  nearly  three-fold  el¬ 
evation  in  NE  at  30  min  of  cold  exposure  that  we  de¬ 
scribe  is  maintained  after  30  min  of  rewarming.  Cold- 
induced  alpha-adrenergic  receptor  activation  by  NE, 
unopposed  with  propranolol  blockade  of  the  beta  recep¬ 
tor,  could  produce  the  changes  in  MAP  we  observe. 
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TABLE  II.  COMPARISON  OF  SYSTOLIC  AND  DIASTOLIC  BLOOD  PRESSURE  (mm  Hg)  WITH  EXPOSURE  TO  25°C  or  4°C  AIR 

AND  PRETREATMENT  WITH  PLACEBO  OR  PROPRANOLOL. 


In  Chamber 

Time  _ 


(min.) 

-30 

0 

1 

5 

10 

15 

20 

25 

30 

60 

Placebo  25®C 

Systolic 

124.5 

113.2 

116.2 

111.5 

114.8 

113.3 

113.6 

1 14.1 

112.0 

116.0 

4.5 

3.4 

2.8 

2.2 

3.3 

3.6 

3.2 

2.4 

2.2 

1.3 

Diastolic 

70.5 

71.3 

72.2 

70.8 

68.8 

68.0 

69.5 

68.4 

66.9 

73.2 

2.6 

3.8 

2.4 

2.2 

2.5 

2.0 

2.7 

2.8 

2.7 

2.7 

Placebo  4°C 

Systolic 

121.0 

111.5 

125.7 

126.3 

128.5 

123.7 

128.4 

127.0 

126.1 

115.6 

2.8 

2.6 

3.9 

3.1 

3.2 

3.2 

2.8 

4.0 

2.5 

2.7 

Diastolic 

74.3 

69.1 

82.9 

80.0 

80.5 

77.6 

78.4 

81.9 

79.4 

72.8 

2.6 

2.3 

3.5 

2.2 

2.4 

2.3 

2.7 

4.0 

2.5 

1.7 

Propranolol  25*C 

Systolic 

114.5 

103.9 

103.4 

104.0 

101.0 

100.6 

98.9 

100.3 

100.5 

100.5 

2.1 

1.6 

2.0 

1.6 

2.8 

2.4 

3.3 

2.3 

2.6 

1.6 

Diastolic 

67.5 

67.5 

66.0 

66.1 

61.8 

62.6 

63.4 

63.0 

63.3 

63.3 

2.3 

2.3 

2.1 

2.2 

2.3 

2.1 

1.7 

1.8 

2.7 

2.0 

Propranolol  4°C 

Systolic 

115.5 

108.1 

117.9 

117.2 

123.5 

121.8 

121.0 

121.4 

120.6 

107.0 

1.4 

1.9 

2.5 

2.1 

2.5 

2.5 

1.9 

3.3 

2.7 

2.8 

Diastolic 

71.2 

67.7 

76.2 

78.5 

79.3 

81.9 

83.0 

81.6 

81.0 

69.4 

2.0 

2.7 

3.2 

3.1 

2.7 

3.4 

3.1 

2.7 

1.9 

3.3 

The  first  line  is  the  ANOVA  mean  of  12  men  with  the  SE  of  the  mean  in  the  second  line;  pressures  are  measured  in  mm  Hg. 


-40  -20  0  *20  40  60 

Time  (minutes) 

fig.  2.  Comparison  of  plasma  noropinophrino  levels  (nmol/l) 
wHh  exposure  to  33*C  (— O — )  or  4*C  ( — • — )  air  after  protreat- 
moot  with  plocebo  (Graph  A)  or  propranolol  (Graph  B).  The 
dashed  lino  Indicates  exposure  period  In  the  environmental 
chamber. 


This  finding  is  supported  by  reports  that  propranolol 
does  not  lower  the  MAP  elevation  associated  with 
pheochromocytoma  (6),  cocaine  overdose  (15),  and  iso¬ 
metric  exercise  (13),  conditions  also  associated  with  in¬ 
creased  alpha-adrenergic  stimulation.  The  acute  use  of 
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Fig.  3.  Comparison  of  plasma  epinephrine  levels  (pmol/l)  with 
exposure  to  2S*C  or  4*C  air  after  pretreatment  with  placebo  or 
propranolol  ( — O —  25*C,  placebo;  — • —  4*C,  placebo;  — A — 
25*C,  propranolol;  — A —  4*C,  propranolol).  The  dashed  line  In¬ 
dicates  exposure  period  in  the  environmental  chamber. 


propranolol  in  maintaining  24-h  normotension  may  have 
reduced  effectiveness  in  cold  climates. 
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